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Abstract 
The major cell in the gingival connective tissue is fibroblast. The major role of the fibroblast is repair of defect in the oral cavity. 
The differentiation study of oral fibroblast is important for oral and maxillofacial tissue engineering. The gingival fibroblasts was 
incubated at 37ć in 5% CO2 and 95% humidity, and the cultivating media was changed every 2 days. The oral fibroblast cells 
were cultured in a medium containing Dulbecco's modified Eagle medium (DMEM) supplemented with 10% fetal bovine serum 
and 1 X antibiotic antimycotic solution. The control oral fibroblast was cultured in the wide cultivating space. The experimental
oral fibroblast was cultured in the narrow cultivating space. After culturing of the fibroblasts, the cells was collected for 
immunohistochemicalstaing. The control cells was negative for S-100 immunohistochemical assay. The experimental cells was 
focal positive for S-100 immunohistochemical assay. Overall, these results suggest that the differentiation of oral fibroblast can 
be enhanced according to the cultivating space, and that the oral fibroblast is useful for oral and maxillofacial (chondroid etc.) 
tissue engineering. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Oral cavity is composed hard tissue and soft tissue. The hard tissue is composed teeth, maxillary and mandibular 
bone. The soft tissue is composed gingiva, periodontal ligament, and oral mucosa. The gingiva is composed of 
epithelium and connective tissue. The important and abundant cell is fibroblast in gingival connective tissue. The 
cells, scaffold, signaling molecule, angiogenesis and time is important factors in tissue engineering [1]. The gingival 
fibroblast and periodontal ligament fibroblast is important for repair and regeneration in oral cavity [2]. The human 
gingival fibroblast was recently found to be a source of mesenchymal stem cells in tissue engineering [3]. Hsu [3] 
reported that the spheroid formation helped to maintain the expression of stemness genes in human gingival 
fibroblast and that condrogenic differentiation potential of human gingival fibroblasts can be enhanced by spheroid 
formation on chitosan membranes [3]. The oral fibroblast can be used for oral and maxillofacial tissue engineering. 
Diaz-Romero [4] reported that S100 proteins are associated with human articular chondrocytes (HAC) 
differentiation status for measuring HAC chondrogenic potential, and that the S100 expression can be used aiming to 
investingate stimuli for chondrogenic induction in monolayer cultures. This study examined the possibility of 
differentiation of oral fibroblast into chondroblasts according to the cultivating space. 
2. Materials and Methods 
2.1. Cell culture 
Oral fibroblasts were acquired from the excised gingival tissue of a dental  patient, who signed an informed 
consent form. The cells was cultured in a culture dish including DMEM (Welgene Inc., South Korea) supplemented 
with 10% fetal bovine serum (FBS) (Welgene Inc., South Korea) and 1 X antibiotic antimycotic solution (Welgene 
Inc., South Korea). The fibroblast cells were maintained at 37ć in a humidified atmosphere at 95% containing 5% 
CO2. The cultivating media was changed every 2 days. The Fifth passage oral fibroblast cells were used, and 
4.6x104 cell/well was used for control and experimental groups. For the control group, the fibroblasts cells were 
cultured on a wide (6-well) plate for 57 days in a cultivating medium (DMEM containing 10 % fetal bovine serum 
and 1 X antibiotic antimycotic solution). For the experimental group, the fibroblasts cells were cultured on a narrow 
(24-well) plate for 57 days in a cultivating medium (DMEM containing 10 % fetal bovine serum and 1 X antibiotic 
antimycotic solution). 
2.2. Immunohistochemical assay using the cell block 
After the control cells were cultured for 57 days on wide space (6-well plate), the cultured cells was collected in 
the 2.0 ml eppendorf tube for immunohistochemical assay. After the experimental group cells were cultured for 57 
days on narrow space (24-well plate), the cultured cellswas collected in the 2.0 ml eppendorf tube for 
immunohistochemical assay. After all the cell specimens were routinely embedded in paraffin for 
immunohistochemical assay. The cell sections were stained with S-100 immunohistochemical marker for histologic 
observation.  
3. Results 
The oral fibroblast cultured for 57 days in the narrow space (experimental group) showed positive cells for S-100 
immunohistochemical assay (Fig. 1-2.). The oral fibroblast cultured for 57 days in the wide spaces (control group) 
showed negative cells for S-100 immunohistochemical assay (Fig. 1-2.).  




Fig. 1. Light microscopic features of the oral fibroblast according to the immunohistochemical staining. a. Control group, b. Experimental group. 
The positive cell was shown on the S-100 staining in the experimental group 1 cultured in the narrow space. However, the positive cell was not 
shown in the control group and experimental group 2 cultured in the wide space. (magnification 200). 
a.      d.  
Fig. 2. Light microscopic features of the oral fibroblast according to the immunohistochemical staining. a. Control group, b. Experimental group. 
The positive cell was shown on the S-100 staining in the experimental group cultured in the narrow space. However, the positive cell was not 
shown in the control group cultured in the wide space. (magnification 400). 
4. Discussion 
Periodontal tissue is composed gingiva, periodontal ligament, cementum and alveolar bone. The gingival 
connective tissue has an capacity for repair in oral and maxillofacial sites. The gingival fibroblast is readily available 
cells at healthy and dental-diseased patients. Fournier [5] reported that the progenitor cells in gingival connective 
tissue can be used for perfect wound healing and cellular therapy. Xu [6] reported that the effects of platelet-rich 
plasma induced mineralization of human gingival fibroblasts, periodontal ligament cells and alveolar bone 
osteoblasts in vitro, that the amount of mineralization nodules in gingival fibroblast was low in the groups. Recent 
study reported that the chondrogenesis was enhanced in co-cultures with articular chondrocytes and MSCs 
(mesenchymal stem cells) and that the trophic effect of MSCs may increase the chondrogenic potential of articular 
chondrocytes. [7]. The S100 protein expression were assessed using immunohistochemistry in the micromass co-
culture of human articular chondrocytes and human bone marrow mesenchymal stem cells to investigate stable 
neocartilage tissue formation in vitro [8]. In our study, the human gingival fiibroblast cultured in the narrow space 
for 57 days showed positive cells for S-100 immunohistochemical assay. The oral fibroblast cultured in the wide 
spaces for 57 days showed negative cells for S-100 immunohistochemical assay. 
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5. Conclusion 
This suggests that the differentiation pattern of hGF can be changed according to the cultivating space, and may 
be useful in tissue engineering. 
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